A SURVEY OF THE FREE ENERGIES OF FORMATION OF THE FLUORIDES, CHLORIDES, AND OXIDES OF THE ELEMENTS TO 2500°K. by Alvin Glassner
A renewed interest in pyrometallurgical methods for separations processes has prompted a survey of the free energies of formation of oxides, fluorides, and chlorides in the range from 298°K. to 2500°K. With the aid of free energy tables it is possible to make estimates of the values of the equilibrium constants for various reactions which may be under consideration.
The free energies of formation presented here have been calculated with the aid of the free energy functions (F -H 298 )/T for the compound and its constituent elements, together with a knowledge of AH 298 , to give (AF -AH 298 )/T Here T = the absolute temperature F = the free energy at temperature T H 298 = the heat content at 298.16°K.
AH 298 = the heat of formation at 298.16°K.
The free energy functions themselves have been calculated from values of the heat capacities at constant pressure, the entropies at 298.16°K., and latent heats of transformation. Thus When available, the heat capacities used have been obtained from experimental data reported in the literature up to May, 1953 . The heat capacities at temperatures beyond the range of experimental determination were estimated by extrapolation and analogy with similar compounds whose heat capacities are known. Where this was not possible, approximations were made by rules summarized by Kubaschewski and Evans. Similarly, when not given values of the entropy at 298°K. were estimated by empirical rules. 1-3
The results of the survey have been summarized in Table 1 . Superscript letters indicate the references from which the particular values were taken. The data have been arranged alphabetically in Table 1 in accordance with the symbols for the various elements. Values are given first for chlorides, then fluorides, and finally oxides.
The data have also been presented in terms of free energy versus temperature diagrams for the various groups of the Periodic Table in Figure 1 for chlorides, in Figure 2 for fluorides, and in Figure 3 for oxides. The free energy has been plotted on the basis of kcal. per gram-atom of non-metal, rather than on the usual basis of kcal. per mole, so that a visual comparison makes immediately evident the order of stability of the various compounds at a given temperature. The advantages of this type of plot have been discussed by Kellogg.'* In these graphs the symbols M for melting point, B^ for boiling point, and S^ for sublimation point of the compound have been employed. At these and other transformation points, changes in slope occur in the generally linear curves. Solid lines represent free energies based on experimental heat capacities, whereas the dotted lines represent the regions where approximations have been made.
In general, the agreement with previously published compilations'* "° is good. In those cases at higher temperatures where divergences do occur, the differences result from alternate choices for estimated heat capacities or other thermal data. Ref. Ref. Ref. .... .... .... .... .... .... .... .... .... Ref. °K.
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